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[0033] FIGS. 2 and 3 are schematic process section vipw.q 

showing a method of manufacturing a semiconductor laser element 
in a first embodiment of the present invention. 

[0034] First, as illustrated in FIG. 2(a), a silicon oxide 

layer 2a is formed on a Si substrate 1 through a scheme, such as 
heat oxidation, CVD (chemical-vapor deposition), or spattering. 
[0035] Next, as illustrated in FIG. 2(b), Ge is introduced 

through ion injection to a silicon oxide layer 2a so as to be 
supersaturated therein, with energy so that Ge has a maximum 
concentration at a depth half of the thickness of the silicon oxide 
layer 2a, thereby forming a Ge supersaturated layer 3a having a 
film thickness of several tens of nanometers. Conditions for ion 
injection are set so that, for example, acceleration energy of 
Ge ions is several tens to several of keV, and that the amount 
of dose is 10 15 -10 17 cm" 2 . In this case, the concentration of Ge 
in the Ge supersaturated layer 3a is several atom % to several 
tens of atom %. 

[0036] Next, as illustrated in FIG. 2(c), the silicon oxide 

layer 2a is irradiated with short-wavelength coherent light beams 
LI and L2, such as excimer laser light beams, free-electron laser 
light beams, or radiated light beams, that are branched from the 
same light source in two directions having an angle 01, thereby 
forming coherent fringes. Also, by irradiating similar coherent 
light beams from two directions having an angle 02 (not shown) , 
coherent fringes having an angle 03 (not shown) with respect to 
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the above-mentioned coherent fringes are formed, thereby forming 
crossing, lattice-shaped coherence fringes on the silicon oxide 
layer 2a at an interval of a space wavelength equal to a 
light-emission wavelength in that silicon oxide . Thus, Ge dots 4 
each having the magnitude of several nanometers to several tens 
of nanometers are precipitated through photoexcitation at a depth 
where the Ge concentration is maximum at an intensity peak position 
of each intersection of those coherence fringes. 
[0037] Note that the optical wavelength in silicon oxide has 

a value obtained by dividing the optical wavelength in vacuum by 
1.46, which is the refractive index of silicon oxide. Therefore, 
the wavelength of coherent light in silicon oxide has a value 
obtained by dividing the wavelength of coherent light in vacuum 
by 1.46, which is the refractive index of silicon oxide. In this 
case, the angles 01 and 02 formed by the coherent light beams LI 
and L2 in the two directions and the wavelengths of those coherent 
light beams LI and L2 are selected so that array periods dl and d2 
of the Ge dots 4 are equal to the light-emission wavelength in 
silicon oxide. Note that the array periods dl and d2 are periods 
in a direction in which the dots intersect on a plane parallel 
to the surface of the Si substrate 1. In the drawing, only the 
array period dl is shown. 

[0038] For example, when laser-emitted light in vacuum is 

green light of 0 . 52jam, the wavelength of the laser light in silicon 
oxide is purple light of 0.39 jam. To form coherent fringes having 



a period of 0 . 39 \im, purple light havi ng a wavelength shorter than 
the above is used as coherent light. Also, in order to prevent 
precipitation at locations other than the intersections of the 
coherent fringes, incident light is instantaneously excited as 
in a pulse-like shape. In this way, the plurality of Ge dots 4 
are formed in the Ge supersaturated layer 3a in a two-dimensional 
lattice shape. 

[0039] Thereafter, as illustrated in FIG. 3(d) , the silicon 

oxide layer 2a is deposited thereon with a transparent electrode 
layer 4b made of indium oxide, tin, or the like through a scheme, 
such as spattering, CVD, or spraying. Next, formed on this 
transparent electrode layer 4b is a silicon oxide layer 2b having 
a film thickness of several tens of nanometers. Furthermore, as 
illustrated in FIG. 3 (e) , in a process similar to that illustrated 
in FIG. 2 (c) , a Ge supersaturated layer 3b having a film thickness 
of several tens of nanometers is formed in the silicon oxide layer 2b . 
Formed in the Ge supersaturated layer 3b are a plurality of Ge 
dots 4 in a two-dimensional lattice shape. 

[0040] Similarly, as illustrated in FIG. 3(f), the silicon 

oxide layer 2b is deposited thereon with a transparent electrode 
layer 4c . Formed on the transparent electrode layer 4c is a silicon 
oxide layer 2c having a film thickness of several tens of nanometers . 
Formed in the silicon oxide layer 2b is a Ge supersaturated layer 3c 
having a film thickness of several tens of nanometers. Formed 
in the Ge supersaturated layer 3c are a plurality of Ge dots 4 



in a two-dimensional lattice shape. 

[0041] In this case, the film thickness of each of the silicon 

oxide layers 2a, 2b, and 2c and the transparent electrode layers 
4a, 4b, and 4c is set so that an array period d3 in the vertical 
direction of the Ge dots 4 in the plurality of Ge supersaturated 
layers 3a, 3b, and 3c is equal to a light-emission wavelength in 
a multilayer film composed of the silicon oxide layers 2a, 2b, 
and 2c and the transparent electrode layers 4a, 4b, and 4c. In 
this way, the Ge dots 4 are arranged in a three-dimensional lattice 
shape to form a three-dimensional photonic crystal . 
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